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INTRODUCTION 


iiMfcmriiii  laser  technology  has  advanced  lapkQy  during  the  past  few  yean  as  gretter  demands  have  beat 
^aced  on  been,  pvticularty  in  the  higher  powered  industrial  apphcmioas.  Through  these  advncements.  hi^ 
power  lasen  have  e£Fectively  addressed  the  metalworking  indu^’s  needs  by  combining  rugged,  conqiuter- 
contrdled  positioning  systems  with  the  unique  thermal  processing  opportunities  that  lasers  afford.  The  cturent 
systems  am  withstand  the  fast-paced  productioo  envirooinent  and  mainiain  a  high  d^iee  of  accuracy  mid 
reliability,  just  like  any  other  precision  machine  tool  on  the  production  floor.  In  addition,  laser  processing 
techniques  have  proven  superior  to  conventional  manufacturing  methods  in  qiplications  such  as: 


•  Precision  hardening,  welding,  and  cutting  with  minimal  heat-affiected  zones 


•  High  (pmlity  surface  finish  for  cutting 

•  Welding  in  atmospheric  conditions 

•  Adaptability  for  computer  numerical  control  (CNC) 

This  projea  was  develtqied  to  tqiply  lasers  to  traditional  cannon  manufacturing  processes  in  order  to 
supplement  pi^uctkm  capabilities  and  enhance  inocessing  efliciency.  reliability,  and  component  quality. 
Processing  applications  have  included  hardening  of  cam  surfaces  and  cutting  tool  edges  for  enhanced  wear 
resistance,  component  engraving  (serialization),  localized  welding,  and  surface  alloying. 

STATEMENT  OF  THE  PROBLEM 

Conventional  methods  fa  metalworking  cannot  components,  including  cutting,  marking,  welding,  heat 
treating,  and  alloying,  have  been  effective  for  many  years.  However,  the  most  recent  generation  of  cannons  has 
seen  more  stringent  requirements  imposed  on  the  components.  The  need  for  high  quality,  cost  effective 
processing  techniques  these  components  has  put  laser  technology  in  the  spotUght. 

PROPOSED  SOLUTION 

The  prcqxtsed  solution  is  to  employ  laser  technology  to  these  components.  The  laser  provides  a  unique 
method  for  localized  thermal  processing  of  a  component  by  delivering  a  concoitrated,  high  power  form  of 
thermal  energy  to  the  surface  of  a  part,  while  causing  minhnal  distation  a  metallurgical  chwge  to  the 
surrounding  material 

PROJECT  OBJECTIVES 

The  main  objective  has  been  to  develop  process  parameters  and  ^ly  lasa  technology  to  thermal 
processing  (welding,  heat  treating,  cutting,  etc.)  a  variety  of  cannon  conponents  with  enhanced  quality  and/a 
less  cost  to  the  government  It  has  also  been  an  objective  to  utilize  this  unique  technology  in  areas  where 
employing  conventional  manufacturing  methods  are  na  cost  effective,  a  possible,  because  of  component  design 
requirements. 
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PROCEDURE 


The  project  involved  sevraal  nuycr  tasks.  These  tadcs  were  perfonned  accordingly: 

1.  Devekqnnent  of  laser-processing  techniques  for  weapon  materials,  followed  by  testing  and 
evaluation  of  select^  laser-treated  weapon  components. 

2.  Development  of  system  specificadons  for  a  laser  metalwoddng  statkxi.  Specifications  are  l»sed  on 
results  generated  during  part  one  of  the  ptx)cedure. 

3.  System  acquisition,  installation,  and  testing. 

4.  System  implementation,  including  transfer  d  the  system  and  techndogy  into  production  at 
Watervliet  Arrenal. 

RESULTS 

Process  Development 

A  process  development  contract  was  established  with  Spectra  Physics,  Inc.,  San  Jose,  CA.  a 
manufacturer  of  industrial  lasers.  Three  components  and  their  cmrespmtding  processing  requirements  were 
selected  for  potential  laser  plication.  The  subject  components  and  corresponding  processes  are: 

1.  lOS-nun  M68  Breechblock  -  surface  hardening  of  cam  path 

2.  Step-Threading  Tool  -  cutting  edge  refinement  via  !aser 

3.  End  Mill  -  cutting  edge  refinement  via  laser 

The  components  are  illustrated  in  Figures  1  through  3. 

The  goal  of  this  effort  was  to  establish  the  apprc^aiate  process  conditions  for  increasing  the  surface 
hardness  of  selected  areas  of  these  components,  which  would  aim  effectively  increase  the  ovraall  wear  resistance 
of  the  components.  These  tasks  were  to  be  accmnplished  by  laser  processing  of  the  designated  areas.  Afier  the 
comptments  were  laser  processed,  a  metallurgical  evaluatkxi  was  p^ormed  on  them  to  characterize  the  material 
effects  produced  by  the  laser.  The  results  ctf  this  analysis  follow. 

105-mm  M68  Breechblock  (4335  SteeD 

A  magnified  view  of  the  cam  path  is  shown  in  Figure  4.  The  arrows  in  the  figure  designate  the  areas  to 
be  laser  processed.  Hgure  S  shows  a  metallographic  cross  sectkm  of  the  cam  path  after  lasa  processing.  The 
light  bai^  at  die  surfece  is  the  hard,  untempeied  martnisitic  microstructure  produced  by  the  larer.  A 
mictohatdness  {uofile  of  the  lOS-mm  M68  breechblock  laser-hardened  region  is  shown  in  Table  1. 
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TaMe  L  Mkrohardacn  ProlBe  of  1054ua  Mtt  Breechblock  LaMr-HardcMd  RcgioB 


Depth 

Hardness 

(in.) 

(HRQ 

0.001 

60 

0.0QS 

60 

0.010 

60 

0.01S 

60 

0.020 

60 

0.023 

60 

0.030 

33 

0.033  (base  metal) 

34 

Parameters  used  to  optimize  the  results  are: 


Laser  (q)erating  power 
Laser  beam  spot  size 
Laser  power  density 
7oi^  processing  time 


•  S  Kw 
-036ia* 

- 1^16  Kw/in,* 
- 17  sec 


Linear  traverse  speed  •  30  in^in 

Shielding  gas  •  nitrogen 


Step-Threading  Tool  Bit  fM3  Tool  Steel) 

The  cutting  edges  of  the  tool  bit  were  e:q)osed  to  the  laser  beam  for  a  very  short  time  (see  parameters 
below).  A  cross-sectional  view  of  one  laser-processed  edge  is  shown  in  Figure  6.  As  in  the  previous 
photomioogrqih.  the  light  r^txi  indicates  tte  desired  transformation  to  martensite  was  achieved  during  the 
process.  TaUe  2  outlines  a  microhardness  prr^  of  the  step-threading  tool  laser-hardened  r^on. 
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Tabk  2.  Mkrohardncss  Profik  of  StqHTlircadiiig  Tool  Laaer-HardaMd  RcgloB 


Depth 

Hardness 

(in.) 

(HRQ 

0.001 

60 

0.010 

60 

0.020 

60 

0.030 

60 

0.040 

60 

Parametexs  used  to  optimize  the  results  are: 


• 

Laser  operating  power 

-  5.5  Kw 

• 

Laser  beam  spot  size 

-  0.64  in.* 

• 

Laser  power  density 

-  562  W/in.* 

• 

Total  processing  time 

•  1.6  sec 

• 

Shielding  gas 

•  nitrogoi 

End  MUl  fM3  Tool  SteeH 

The  spiraling  cutting  edges  of  the  end  mill  were  subjected  to  the  laser,  and  a  cross-sectional  view  of  one 
of  the  edges  is  shown  in  Figure  7.  Although  the  laser  was  effective  for  hardening  the  cutting  edge,  a  softer 
region  (see  below)  was  generated  deepa  in  the  material,  which  was  identified  as  a  heat-affected  zone  consisting 
of  tempered  martensite.  Table  3  shows  a  nucrohardness  profile  of  the  end  mill  laser-hardoied  region. 
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Table  3.  Mkrobardacis  Proflk  oT  Ead  bfiU  Laaer-Hardciwd  Bcfini 


Depth 

Hardness 

(in.) 

(HRQ 

0.001 

60 

0.00S 

55 

0.010 

55 

0.013 

55 

0.020 

55 

0.030 

55 

1  0.040 

45 

0.080 

60 

Parameters  used  to  optimize  the  results  are: 


Laser  operating  power 

-2J  Kw 

Laser  beam  spot  size 

•  0.0625  in.' 

Laser  power  density 

-  825  W/in/ 

Total  processing  time 

-  3  sec 

Shielding  gas 

-  nitrogen 

Summary  of  Process  Development  Results 

Results  of  our  analysis  showed  that  the  breechblock  cam  path  and  stq>*threading  tool  bit  could  be 
successfully  surface-hardened  with  the  laser.  Although  the  end  mill  consisted  of  the  same  material  as  the  stq>- 
threading  tool,  the  end  mill  exhibited  a  region  of  decreased  hardness  beneath  the  laser-processed  areas.  We 
concluded  that  this  was  due  to  a  tempering  effect  experienced  during  the  lasing  process,  and  that  the  overall 
processing  time  would  have  to  be  decreased  even  further  to  successfully  harden  the  cutting  edges  of  this 
component,  while  avoiding  the  generation  of  a  heat-affected  zme. 
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Baaed  on  available  litemme  for  laser  proceninf  and  the  leanltt  leneraaed  bora  die  pexeas  devetopment 
cootracts.  a  muld-Ainctiaaal  laser  station  waa  designed.  The  propowd  laser  andoa  needed  lo  be  a  dynamic, 
extremely  fast  cutting,  welding,  and  heat  treming  tool,  placing  particoiar  deaMnds  on  machine  tool  design.  The 
unique  geometries  of  militmy  compmients,  coupled  wiA  the  of  machiiiing  new  exodc  materials  for 

the  defense  industry,  general  the  need  for  a  versatile  laser  marhine  tnoL  In  order  for  die  laser  to  serve  as  a 
versatile  tool,  it  should  have  the  following  general  foaiurec 

1.  A  high  degree  of  accuracy  and  repeatability. 

2.  Gosed-loop  process  feedback  systems  coiqded  with  a  computer  for  int^rated  in-process  quality 

control 

3.  A  modular  design  that  lends  itself  from  a  simple  three-axes  design  to  a  complex  eight  ex’  more  axes 
multiple  machine.  The  axes  motion  is  a  combinatioo  of  lasm  beams  and  woriqnece  manipulation. 

4.  Capability  to  attain  very  high  energy  density  levels  by  beam  manipulatimi.  This  capability  would 
aUow  a  variety  of  thermal  processing  techniques  to  be  performed  with  a  single  laser  system. 

With  this  in  mind,  a  set  of  detailed  specifications  was  formulated  highlighting  the  following  laser  system 
features  and  capabilities: 

1.  The  contractor  selected  would  provide  and  install  a  high  power,  carbon  dioxide  (CO,),  metalworking 
laser.  The  minimum  outyut  power  range  of  the  laser  would  ^lan  from  1000  to  S(XX)  watts. 

2.  Laser  beam  divergence  should  not  exceed  three  milliradians. 

3.  Output  power  stability  should  be  within  five  percent  of  any  selected  powCT  level 

4.  A  power  monitor  would  be  supplied  with  the  laser. 

5.  A  helium-neoi  alignment  laser  would  also  be  supplied  and  installed  coaxial  to  the  main  CO,  output 

beam. 

6.  The  contractor  would  provide  and  install  a  part-positioning  unit  The  positioner  would  be  capable  of 

CNC. 

7.  The  positioner  most  be  capaUe  oS  supporting  an  mternal  load  of  iqp  to  ICXX)  pounds,  in  addition  to 
rotary,  dlt,  and  T-slot  tables.  The  rotaryAilt  table  must  be  capable  of  suiqxnting  a  minimum  wtnkpiece  load  of 
1(X)  pounds. 


8.  The  positiaiier  would  be  cq;iable  of  S-axis  motion.  The  axes  of  travel  would  be  X,  Y.  Z,  rotary,  and 
tilt  Movement  along  these  axes  must  be  a  minimum  ofc 


X 

-  24  inches 

Y 

-  12  inches 

Z 

- 12  inches 

Rotary 

-  360  degrees 

Tilt 

-  90  d^rees 

Rates  of  movement  along  these  axes  must  be  a  minimum  ctf: 

•  X.Y,Z  -  300  ipm 

•  Rotaiy  -  10  rpm 


Repeatability  and  accuracy  of  movement  in  all  axes  specified  must  be  within  0.005  inch. 

9.  The  positioner  would  include  the  following  features: 

•  Programmable  home  position. 

•  PtogrammaUe  stop  limits  for  table  speed  and  woridng  volume,  c. 

•  Csgxibility  for  positioning  cylindrical  components  by  means  of  a  tailstock  mounted  on 
a  T-slot  ^le. 

10.  The  contiacttH’  would  provide  and  install  a  CNC  unit  capable  of  ccmtrolling  elements  of  both  the 
laser  and  positioner.  This  CNC  unit  would  be  capable  of  maintaining/varying  X,YZ  and  rotational  movement 
and  cmieqponding  rates  of  movement  for  the  positioner  selected.  The  unit  would  be  equipped  with  an  open  and 
closed-loop  digitizing  (teach  mode)  ctqtability  to  create  part  programs  for  positioning  of  a  worlqtiece.  It  would 
utilize  a  bubble  monory  system  and  floppy  disk  stmage  system  and  be  ad^iable  to  a  paper  tape  reader.  The 
CNC  unit  must  be  capable  of  maintaining^arying  COj  law  output  power,  rate  of  power  increase  and  decrease, 
and  assist  gases.  Shutter  movonent  and  helium^ietHi  alignment  laser  would  also  be  controlled  by  the  unit 

11.  The  contractor  would  provide  optics  for  both  welding  and  heat  treating  applications. 

12.  A  gas-to-Iiquid  heat  exchanger  would  be  provided  for  the  laser. 

13.  A  pratable  enck)sore  most  be  provided  which  surrounds  the  beam  focusing  assembly  and 
attachments,  positioner,  and  wmkpiece. 


7 


The  system,  a  combustion  engineering  industrial  laser  (CEIL)  laser  imcessing  center  (LPQ.  is  a  heavy- 
duty  industrial  machine  designed  for  demanding  production  nee^  The  LPC  series  includes  laser  machine  took 
that  employ  the  design  principles  of  a  vertical  b^-type  milling  machine  center.  The  column  and  base  are  heavy- 
duty  stress-relieved  Meehanite  castings.  The  square  machine  ways  are  precision-machined,  induction-hardened, 
and  ground;  the  mating  surfaces  are  Turcite-coated  for  wear  resistance  and  minimization  of  stick  and  slq).  The 
ways  are  protected  by  telescoping  steel  way  covers  that  resist  any  high  temperature  deposits.  Under  the  steel 
covers  are  the  precision-ground,  class  A,  preloaded  ball  screws. 

The  CEIL  IJ*C  series  is  designed  to  be  virtually  maintenance  free.  All  three  linear  machine  ways,  the 
precision-ground  nut  and  screw  assembly,  and  all  support  bearings  for  the  precision  btdl  screws  are  automatically 
lubricated  through  a  central  lubrication  system.  The  ^dard  A/B-axes  (rotary  and  tilting)  tables  are  permanently 
lubricated  by  a  built-in  oil  bath.  All  axes  are  driven  by  high  performance,  rare  earth  magnet  DC  motors 
controlled  by  a  closed-loop  CNC  system.  The  linear  axes  are  programmable  in  0.0001-inch  incremoits  and  the 
rotary  and  tilting  axes  in  0.001-degree  increments.  This  high  precision  prograrrunability,  coiqrled  witii  the  high 
gain,  quick  responding  motors,  results  in  high  speed  positioning  capability,  which  is  important  for  fast  and 
precise  laser  machining. 

In  line  with  CEILs  philosophy  to  build  heavy-duty,  highly  reliable  laser  machining  centers,  CEIL  has 
chosen  the  design  principles  of  a  stationary-focused  laser  beam.  Tlie  absence  of  moving  beam  bender  mirrors 
virtually  eliminate^  beam  path  alignment  problems  found  on  moving  optics  systems.  Cost  efficiency  is  improved 
as  optical  component'  i-id  maintenatKe  are  reduced,  which  increases  the  ovoall  "up-time"  of  the  machine.  The 
laser  beam  is  only  manipulated  in  the  Z-axis,  which  travels  in  line  with  the  vertical  laser  beam  and  therefore 
does  nor  pose  an  aligtunent  problem. 

A  schematic  of  the  laser  station  is  shown  in  Figure  8,  and  an  overall  photograph  of  the  laser 
metalworking  center  is  shown  in  Figure  9.  Descriptions  and  selected  statistics  of  the  major  components  are 
given  below. 

Figure  10  shows  the  Spectra  Physics  97S  Laser.  Its  significant  features  include: 

•  1-S  kilowatt  power  range 

•  Continuous  wave 

•  Carbon  dioxide  lasing  medium 

•  10.6  micron  wavelength  (invisible) 

•  3.0  milliradian  divergence 

•  Power  output  stability  of  ±5  percent 

•  Beam  diameter  =  44  mm 

•  Beam  pointing  stability  =  0.15  milliradians 

•  Shutter  time  =  0.1  second 


Helium-neon  spotting  laser  (visible) 


The  laser  power  supply  is  sbowo  in  Figure  11,  with  stgrificant  Ceatnies  as  follows: 

•  Output  cuiratt  a(M0amps 

•  Ouqxit  voltage  >  0-3000  volts 

•  Current  iqiple  » <  S  percent  peak-to-peak 

•  Current  regulation  >  -f  1  percent  for  24  hours 

The  laser  control  console  is  shown  in  Hgine  12  featuring  controls  for 

•  Siqiplied  current 

•  Assist  gas  selection 

•  Laser  powo- 

•  HeUum-neon  laser  activation 

■  Shutter  activation 

Figure  13  shows  the  Allen  Bradley  8200  CNC  Pendant  Control^.  Its  significant  features  include: 

•  5-axis  control 

•  CNC  minifite  floppy  disk  storage  cipd>ility 

•  Psqter  tapt  reader  capability 

Figure  14  shows  the  X-Y  wralipiece  positioner  with  the  following  features: 

•  X-axis  travel  of  36  inches 

•  Y-axis  travel  of  18  inches 

•  Precision  of  0.0008  inTft 

•  Rqteatability  of  0.0004  in/ft 

•  1500  poun  capacity 

The  roiaryAilt  table  (A-B)  is  not  shown  in  this  figure.  However,  it  is  mounted  to  die  positkxier  to  provide  two 
additional  axes  of  modmi  and  maintaias  the  following  qualities: 

•  A-axis  travel  of  360  degrees  (continuous) 

•  B-axis  travel  of  0-90  degrees 

•  I^edsion  of  25  arc  seconds 

•  150  pound  capacity 
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Rgore  IS  is  a  photograph  dqnctmg  the  variaUe  Z-axis  for  focusiiig  optics  iq>  lo  18  inches.  Its  features 

include: 

•  Speeds  of  motkm  for  X,  Y,  and  Z  axes  of  400  ^  max 

•  Speeds  of  motion  for  A  and  B  axes  of  11  ipm  max 

•  Fine  focus  assembly  (wdding  head) 

•  Beam  integraUMs  (1/4, 3/8,  and  \fl  in.^ 

Figure  16  shows  the  remote  operation  digitizer  and  Hguie  17  shows  the  roU-away  enclosure.  The 
^tplkatKHi  Engineering  heat  exchanger/chiOer  is  shown  in  Hgure  18,  with  a  magnified  view  of  its  diagnostic 
control  panel  in  Figure  19.  Significant  features  dt  the  heat  exchanger  include: 

•  Gosed-loop  one  degree  accuracy  waier-to-air 


•  Flow; 

Minimum  (gpm)  -  20 

With  access(»ies  (gpm)  -  24 

•  Pressure: 

Recommended  supply  pressure  (psig)  •  60 

Maximum  supply  pressure  (psig)  -  100 

Maximum  back  pressure  (psig)  -  10 

•  Temperature: 

Minimum  temperature  (°F)  •  dew  point 

Recommended  temperature  (°F)  •  72** 

Temperature  control  (^  •  2** 

•  Resistivity: 

Low  (k/cm)  •  8 

High  (k/cm)  -  200 

•  Hltration  at  siqiply  line  (microns) 


-250 


The  nqmiemeiits  Ibr  system  ofMcatiaa  iDctade: 

•  Ptimuy  power  of  60  Hz  opentioQ 

•  460  volts  attenuatiiig  cunott  (VAQ 

•  200  amps/line 

•  Thiee-iriiase 

•  Cooling  water  of  24  gpm  flow 

•  Ptessme  of  40  psig  with  minimum  differential  of  100  psig 

•  Maximum  siqjply  tenqjeratuie  oi  95^ 

•  Minimum  siqiply  temperature  above  dew  point  temperanne 

•  Temperature  control  of  ±2°F 

•  Resistivity  of  20-S0  k/cm 

•  Compressed  air  clean,  dry,  20  standard  cut^  feet  per  hour  (SCFH) 

•  Flow  pressure  of  0.5  cfin  at  60  psig 

•  Gas  consumptioa: 

Helium:  4.0  SCFH  •  industrial  grade  99.99  percent  pure 

NPj:  1.8  SCFH  •  industrial  grade  99.99  percent  pure 


COj:  ^  03  SCFH  -  welding  grade  9930  percem  pure 

Average  cost  per  hour  of  laser  ctmsumaUes: 


CO,  $  .10 

Helium  .68 

NA  -14 

Argon  (welding)  .30 

Water  1.87 

Electricity  5.04 

Total  cost  of  consumaUes  per  hour  $7.74 
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Initial  applications  for  the  laser  involved  smface  tnufixmation  hankoing  (heat  neatmeat)  of  adected 
areas  on  sevend  cannon  components.  It  was  decided  that  heat  treatment  would  be  the  main  processing  tedvtiqne 
inhially  evahiaied  using  a  laser.  This  decision  was  based  on  the  fact  that  cutting,  wdding,  mid  eagravii^  me 
much  more  estaMiahed  techniques  that  eaq>k)y  lasen  and  have  already  been  proven  as  viable  atematives  to 
conveatianal  processes.  Heat  treatment,  on  the  other  hand,  is  a  less  developed  area  with  vimadly  unlimited 
potentiaL 

The  selected  components  had  very  stringem  mechanical  property  requirements  inqioaed  on  them  that 
were  difficult  ot  impossible  to  fulfill  uiilidng  conventional  thermal  processing  methods,  s^  as  bulk  finnace, 
induction,  or  flame-hardening  techniques.  Hie  laser  (tffered  numerous  advantages  over  these  tedmiques  in  the 
heat  treatment  process.  These  advantages  include: 

•  Minimal  distortion 

•  Minimal  heat-affected  zone 

•  Automation  of  process 

•  Superior  control  of  case  depth  and  location 

•  No  need  for  quenchant 

These  components  were  subjected  to  laser  heat  treatment  processes  and  then  destructively  analyzed  by  - 
our  labtnattny  to  determine  the  (9>timum  lasing  parameters  to  be  for  production.  Once  relud>le  parameters 
were  established,  the  process  was  scaled  19  and  utilized  to  selectively  harden  the  cam  pmhs  on  the  Ml  19 
breechblock.  A  material  analysis  was  performed  on  three  of  these  breechblocks,  two  of  winch  had  been  laser- 
hardened  and  one  of  which  had  been  induction-hardened.  The  objective  of  this  analysis  was  to  determine  and 
compare  the  microhardness  profiles  of  each  cam  path  produced  by  the  two  thermal  processes. 

Each  breechblock  was  examined  according  to  the  following  procedure  with  results  described  below: 

•  Visual  examination 

•  Metallographic  examination 

•  ^crohardness  measuremmit 

•  Case  depth  measurement  and  calculation 

Hgnres  2(Ka)  anti  (b)  show  the  visual  examination  findings.  These  figures  illustiate  the  laser-hardened 
portion  of  die  Ml  19  breechblock  cam  path. 

Results  of  our  metallogrtqihic  evaluation  are  di^htyed  in  Rgures  21  and  22.-  Figures  21(a)  and  (b) 
dqsct  dffee  distinct  zones,  1  throi^  3,  created  by  die  laser  and  indnction-baideiiing  processes.  For  both 
processes,  zone  1  is  the  hardened  zone  closest  to  the  suifoce,  ztme  2  is  the  heat-affected  zone  underneath,  and 
zone  3  is  the  base  metaL  Higher  magnification  photomicrographs  of  these  zones  ate  exhilnted  in  Figures  22(a) 
duDu^  (c).  In  addition,  it  was  also  discovered  optically  that  zones  1  and  2  in  laser-hardened  samjde  were 
much  thinner  than  the  correqxmding  zones  in  the  induction-hardened  qiecimNi.  Therefore,  the  overall  hardened 
region  of  the  induction-processed  material  extended  much  deqier  than  that  of  the  laser^socessed  materiaL 


The  conveded  results  (tf  miciohardness  tBsdng  are  contained  in  Table  4.  The  values  presented  in  this 
lalte  are  the  Rockwell  hardness  numbers  (HRC),  which  cone^ood  lo  and  have  beat  convened  finom  the  original 
Knoop  microhardness  numbers.  Placmnent  of  the  Knoop  indtmiations  within  the  three  zones  is  iflustrated  in 
Figure  23.  The  overall  trend  that  occurred  in  both  the  laso^  and  induction-hanteied  qiecimens  was  a  decrease  in 
hardness  from  zones  1  to  3.  In  the  hardened  zone,  results  oT  47  to  SS  HRC  were  recorded  for  the  laser  samples 
versus  44  to  49  HRC  for  the  induction  spedmea  For  zone  2,  the  heat-affected  ztme,  hardness  readings  were  38 
to  46  HRC  for  laser-hardened  material  and  41  to  48  HRC  for  induction-hardened  material,  reqrectively.  Lastly, 
the  base  metal  from  the  laser  {mx:ess  was  37  to  42  HRC  and  from  the  inductkm-hardened  process,  it  was  28  lo 
44  HRC. 


Table  4.  Microhardness  Measiurcmaits 
(Converted  to  HRC  values) 


Laser-Hardened 

Inductirm-Hardened  | 

Sample  ID* 

IT 

IL 

2T 

2L 

3T 

3L1 

3U 

Hardoied  Tkme  HRC 

51 

52 

55 

49 

47 

47 

47 

Heat-Affected  Zone  HRC 

42 

40 

46 

39 

46 

48 

41 

Base  Metal  HRC 

41 

41 

42 

38 

35 

44 

28 

*  nr  samples  are  transverse;  "L"  samples  are  longitudinal. 

Table  S  contains  the  case  depth  measurements  (depth  of  the  hardened  zone)  for  both  the  laser  and 
inducticm-hardened  material.  Photomicrographs  similar  to  Hgures  21(a)  and  (b)  were  utilized  to  physically 
measure  the  dqKh  of  the  hardened  zones,  and  subsequently,  case  dq)th  was  calculated  according  to  the  following 
equadon: 


_ _ _  _  measured  length  of  hardened  zone 

case  depth  raagnification  of  photograph 


Results  indicate  that  the  case  dqrth  ctf  the  induction-hardened  material  ranged  from  0.031  inch  to  0219  inch,  and 
was  approximately  three  to  twenty  times  greater  dum  die  case  depth  of  the  laser-hardened  material  which  was 
(fetermLoed  to  range  from  0.010  inch  to  0.012  inch.  This  cmroboratBS  the  earlier  optical  obsmvation  that  the  case 
depth  of  the  hardened  zone  of  the  induction-processed  material  was  visiUy  much  larger  than  the  cofreqxmding 
zone  of  the  laser-processed  material.  One  of  rhe  most  publicized  benefits  of  laser-hardening  is  case  de^ 
uniformity,  which  was  verified  in  our  experitr  'io.  However,  6eep  cases  are  difficult  to  attain  widi  las^  and 
inductitm-hardening  is  the  method  of  choice. 
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Tabk  5.  Cmt  Depth  MeataraBCBts 


Laser-Hardened 

Inductioo-Hardened  | 

SanqdelD* 

IT 

IL 

2T 

2L 

3T 

3L1 

3L2 

Magnification 

lOOX 

lOOX 

lOOX 

lOOX 

40X 

40X 

19.2X 

Measured  Hardened 

2Sone  (in.) 

1.12 

1.25 

1.06 

IJl 

1.25 

2.4-4.2 

Case  Depth  (ia) 

0.011 

0.010 

0.012 

0.010 

0.033 

0.031 

0.125-0.219 

*  T*  samples  sie  transverse;  T”  samirtes  are  longitudinal. 


In  summary,  this  analysis  comprised  a  metallogrq)hic  and  mkiohaidneas  comparison  between  laser  and 
induction-hardened  Ml  19  breechblock  cam  paths.  MetaUographic  evaluation  revealed  three  distinct  zones: 
hardened,  heat-affected,  and  base  metal.  Knoq)  miaohmdness  measurements  located  in  the  corresponding  zones 
indicated  that  hardness  decreased  from  zones  1  to  3.  In  addition,  case  depth  measurements  woe  found  to  be 
approximately  three  to  twenty  times  greater  in  the  iiuluction-hardened  material  than  in  the  laser-hardened 
material. 

CONCLUSION 

The  laser  metalworking  station  has  proven  to  be  a  unique,  versatile  tool  thermal  processing  of 
cannon  conqMnents.  The  station’s  successful  imidementatioo  at  Watervliet  Arsenal  has  not  only  served  to 
supplement  and  expand  their  existing  production  facilities/capabilities,  but  in  many  instances  has  ooqierfonned  all 
qtte  available  processing  techniques.  In  particular,  the  laser  has  been  utilized  for  localized  beat  treaunent  of 
selected  produoioo  components  (i.e..  105-mm  M20  followers  and  pivot  bearings),  and  has  consistently  exhibited 
a  number  of  advantages  over  conventional  heat  treatment  methods.  These  advantages  include  comidete  process 
automation,  very  small  heat-affected  zones,  and  minimal  pan  distoition  during  beat  treatment  Experimentation 
has  also  riiown  that  the  system  is  ciqiable  of  producing  laser  beam  power  densities  high  enough  for  component 
melting  (welding  applicarions)  or  vapraization  (cutting  applications)  to  occur.  These  capabilities  have  opened 
new  horizons  for  cannon  manufacture  at  Watervliet 

FUTURE  APPUCAHONS  and  EQUIPMENT 

During  the  course  of  this  project  Watervliet  Arsenal  and  Benet  Laboratories  personnel  have  becmne 
increasingly  more  knowledgeable  of  and  experienced  widi  die  lasv  statum  and  its  capcdiilities.  As  a  result  of 
this  increa^  understanding  of  laser  systems  and  technologies,  a  number  of  additional  production  qiplications 
have  been  proposed.  In  order  to  take  full  advantage  of  the  station’s  versatility,  these  potential  applications  for 
the  station  have  included  laser  welding  and  cutting  of  selected  cannon  components/materials,  as  well  as 
qiedalized  heat  treatment  tasks.  The  qiplicatkms  include: 
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1 


3. 


4. 


HMttiettnent 

•  XM284  mfaior  bwech  componemi 

•  40-mm  cover  roUer  padi 

•  lOS  M68  driver  tri> 

•  Various  case  hankoed  pins  (155-ffim  MISS  qving  rack) 

•  120-iiuii  bearing  shaft 

•  Taidc  bobs  (elevating  mechanism  for  Ml) 

•  ISS-mm  XM284  hammer  (case  hardenetO 

All  of  the  above  components  have  proven  to  be  difBcnlt  to  process  using  cooveadcoal  heat 
treatment  methods. 

•  Research  rriated  -  hardening  beneath  chromium  plating  on  gun  tubes  for  increased 
adherence 

•  Hardening  (tf  critical  radii  for  increased  fotigue  life  (ISS-mm  MISS  housing  - 
blockway  radii) 

Welding 

•  120-mm  bore  evacuator  (automate  process) 

•  Tube  stiffoners  (lOS  enhanced) 

•  120-mm  muazk  reference  system 

•  Localized  rqwr  jobs  (gouges) 

Platingfoladdin^surfece  aHoying 

»  Mandrel  coatings  (rotary  forge) 

•  Forge  hammer  coating 

•  Tool  smfisce  modificstion  by  ngad  soHdifkaiion  processes  (rifling  broaches,  sector 
cutters,  end  mills,  etc.) 

Cutting^vqxirizing 

•  120-mm  bore  evacuator  sheet  metal  catting  (stainless) 

•  Debutring  otigin-<tf-rifling 

•  Specialized  f««»»pt*  ctdting 


IS 


In  owkr  to  accompKsh  mmy  of  the  propoaed  Maks.  addiiioMl  acccsaoty  cquqMaeiit  is  itquiwd.  Tbeae 
accessaries  are  cuneatly  being  procured  sod  mcbide  the  following  cspabiliries: 

1.  Laser  beam  scanner  -  The  laser  beam  scanner  is  an  industrial  lightweight  product  that  has  beat 
designed  to  be  ragged  mid  easy  to  use.  The  beam  is  transmitted  and  focused  through  this  water-coded  mat  via 
two  standard  off-axis  molybdenum-coated  capper  mirtois.  The  minon  are  identical  to  those  used  in  the  standard 
and  rotary  mirror  focus  units.  The  focusing  mirtor  can  be  oscillated  about  its  center  line  to  1.2  degrees,  which 
mmslates  to  about  a  0.50  inch  scan  of  a  focused  beam.  By  varying  the  qiot  size  and  scan  width,  virtually  any 
desired  energy  distribution  rtm  be  attained.  The  weight  of  the  scanner  is  approximately  75  pounds  in  a  compact 
design.  The  laser  beam  scanner  is  cigiable  of  harxlling  up  to  6000  wans  of  CQi  laser  power,  and  is  commonly 
used  for  heat  treatment  applications  requiring  in-process  spot  size  conned. 

Specifications  of  the  beam  scanner  include: 

•  Power  -  0-6000  watts 

•  Beam  diameter  -  2.0  in. 

•  Maximum  scan  width  -  0*1.0  in. 

•  Spot  size  •  coniroUed  by  the  Z-axis  on  CNC 

•  Power  supjdy  requirements  - 110  VAC 

2.  Powder  feed  delivery  system  •  The  powder  delivery  system  includes  a  powder  metering  hopper 
and  nozzle  assembly.  It  is  cqiable  of  metering  metal  powder  (mesh  size  125  to  325)  at  a  rate  12  to  30  gpm. 
The  powder  nozzle  is  water-cooled,  and  is  used  for  welding  operations  when  filler  metal  is  required. 

3.  Fume  removal  system  -  The  selected  vacuum  unit  will  be  used  to  draw-off  the  fumes  from 
laser  processing  and  collect  the  fumes  and  debris  in  an  easily  accessible  recqitacle. 

The  addition  of  these  accessnies,  coupled  with  their  utilization  on  the  applicatioas  listed  above,  will 
complete  implementatimi  of  the  laser  station  at  Watervliet  ArsenaL 


Figure  1.  lOS-min  M68  breechblock  with  anows  showing  cam  path  r^jon. 


Rgiiie2.  Dual  pomt,  stqHhread  cuttii%  tool  with  cutting  edges  exposed  to  laser  processing. 

* 
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Figures.  Common  tool  steel  end  mill  cutter  with  cutting  edges  exposed  to  laser  processing. 


Hgure4.  Magnified  view  of  lOS-mm  M68  tseechUodc  cam  path  widi 
airows  pmnting  to  areas  to  be  laser  treated  Qiardmi^. 


H£c: 


1 

61  -  LASER  ElARDENED  ZONE 


RgmeS.  Cross-sectxMial  view  of  bieeclit>k)dc  mkiostniciiire  after  laser  ireatme^ 
The  Ugitt  band  at  the  lop  is  hard,  antenipered  nunlBiisitB  produced  during 
ejqnsure  to  the  laser  beam  QSX). 
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Fignie  6.  Cross-sectioiial  view  of  tbe  cattiog  edge  of  the  dual  point  cutter. 

The  top,  lighter  band  indicates  the  area  exposed  to  tte  laser  beam  (32X). 


Hgine?.  Cross-sectk»al  view  of  die  cutting  edge  of  the  end  mill  colter. 

The  top,  lighter  band  indicates  the  area  e^qwsed  to  the  laser  beam  (32X). 

* 
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•  NVII9SI  IVIN 
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Hgure  13.  Allen  Bradley  8200  CNC  Pendant 
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Hgure  IS.  Photograph  showing  beam  focusing  assembly  mounted  to  the  Z*axis  of  the  laser  station. 
This  axis  is  used  to  accommodate  varying  workpiece  heights. 


Hgure  16.  Program  digitizer  used  for  remote  cable  control  and  programming  of  component  motion. 
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Hgure  18.  ^licatioo  Engineering  Model  HE-33  beat  exchanger. 


Rgnre  19.  Magnified  view  (tf  beat  eadamger’s  diagnostic  control  panel 
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(b)l9^ 


Figure  21.  Photograpbs  stwwiiig  (1)  haidened,  (2)  beat-affected,  and  (3)  bare  metal  zones 
of  laser  and  indoction-liaRleoed  breechMock  cam  pi^  reqwctivdy.  2%bfitaL 

30 


Figure  23.  PtKKoiniciogrqih  illustrating  locatico  of  KiKWp  indeniatioiis  from 
miciotiardness  testing  aa  laser-processed  sample.  2%  Nital  (lOOX). 
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ATTN;  SMCAR-CCB-TL 

OPERATIONS  DIRECTORATE  1 

ATTN;  SMCWV-ODP-P 

DIRECTOR.  PROCUREMENT  DIRECTORATE  1 

ATTN:  SMCWV-PP 

DIRECTOR,  PRODUCT  ASSURANCE  DIRECTORATE  1 

ATTN;  SMCWV-QA 


NOTE;  PLEASE  NOTIFY  DIRECTOR,  BENET  LABORATORIES,  ATTN:  SMCAR-CCB-TL,  OF 
ANY  ADDRESS  CHANGES. 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST 


NO.  OF  NO.  OF 

CpPJtES  COPIES 


ASST  SEC  OF  THE  ARMY 

RESEARCH  AND  DEVELOPMENT 

ATTN;  DEPT  FOR  SCI  AND  TECH  1 

THE  PENTAGON 

WASHINGTON,  D.C.  20310-0103 
ADMINISTRATOR 

DEFENSE  TECHNICAL  INFO  CENTER  12 

ATTN:  DTIC-FDAC 
CAMERON  STATION 
ALEXANDRIA,  VA  22304-6145 


COMMANDER 
US  ARMY  AROEC 

ATTN:  SMCAR-AEE  1 

SMCAR-AES,  BLDG.  321  1 

SMCAR-AET-0,  BLDG.  351N  1 

SMCAR-CC  1 

SMCAR-CCP-A  1 

SMCAR-FSA  1 

SMCAR-FSM-E  1 

SMCAR-FSS-D,  BLDG.  94  1 


SMCAR-IMI-I  (STINFO)  BLDG.  59  2 

PICATINNY  ARSENAL,  NJ  07806-5000 


COMMANDER 

ROCK  ISLAND  ARSENAL 

ATTN;  SMCRI-ENM  1 

ROCK  ISLAND,  IL  61299-5000 

MIAC/CINDAS 
PURDUE  UNIVERSITY 

P.O.  BOX  2634  1 

WEST  LAFAYETTE.  IN  47906 

COMMANDER 

US  ARMY  TANK-AUTMV  RiD  COMMAND 
ATTN;  AMSTA-DDL  (TECH  LIBi  1 

WARREN.  MI  48397-5000 

COMMANDER 

US  MILITARY  ACADEMY  1 

ATTN:  DEPARTMENT  OF  MECHANICS 
WEST  POINT,  NY  10996-1792 

US  ARMY  MISSILE  COMMAND 
REDSTONE  SCIENTIFIC  INFO  CTR  2 

ATTN:  DOCUMENTS  SECT.  BLDG.  4484 
REDSTONE  ARSENAL,  AL  35898-5241 


DIRECTOR 

US  ARMY  BALLISTIC  RESEARCH  LABORATORY 
ATTN:  SLCBR-DO-T,  BLDG.  305 
ABERDEEN  PROVING  GROUND,  MD  21005-5066 

DIRECTOR 

US  ARMY  MATERIEL  SYSTEMS  ANALYSIS  ACTV 
ATTN;  AMXSY-MP 

ABERDEEN  PROVING  GROUND,  MD  21005-5071 
DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 

ATTN:  AMSRL-WT-PD  (DR.  B.  BURNS)  1 

ABERDEEN  PROVING  GROUND,  MD  21005-5066 


COMMANDER 

US  ARMY  FGN  SCIENCE  AND  TECH  CTR 
ATTN;  DRXST-SD  1 

220  7TH  STREET,  N.E. 

CHARLOTTESVILLE,  VA  22901 

COMMANDER 
1  US  ARMY  LABCOM 

MATERIALS  TECHNOLOGY  LAB 

ATTN:  SLCMT-IML  (TECH  LIB)  2 

WATERTOWN,  MA  02172-0001 


NOTE;  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH,  DEVELOPMENT,  AND  ENGINEERING 
CENTER,  US  ARMY  AMCCOM,  ATTN;  BENET  LABORATORIES,  SMCAR-CCB-TL , 
WATERVLIET,  NY  12189-4050,  OF  ANY  ADDRESS  CHANGES. 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST  (CONT'O) 


NO.  OF  NO.  OF 

COPIES  COPIES 


COMMANDER 

US  ARMY  LABCOM,  ISA 

ATTN;  SLCIS-IM-TL  1 

2800  POWDER  MILL  ROAD 
AOELPHI,  MO  20783-1145 

COMMANDER 

US  ARMY  RESEARCH  OFFICE 

ATTN:  CHIEF,  IPO  1 

P.O.  BOX  12211 

RESEARCH  TRIANGLE  PARK,  NC  27709-2211 


COMMANDER 

AIR  FORCE  ARMAMENT  LABORATORY 

ATTN;  AFATL/MN  1 

EGLIN  AFB,  FL  32542-5434 

COMMANDER 

AIR  FORCE  ARMAMENT  LABORATORY 
ATTN;  AFATL/MNF 

EGLIN  AFB,  FL  32542-5434  1 


DIRECTOR 

US  NAVAL  RESEARCH  LAB 
ATTN:  MATERIALS  SCI  &  TECH  DIVISION  1 
CODE  26-27  (DOC  LIB)  1 

WASHINGTON,  D.C.  20375 


NOTE;  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH,  DEVELOPMENT,  AND  ENGINEERING 
CENTER,  US  ARMY  AMCCOM,  ATTN:  BENET  LABORATORIES,  SMCAR-CCB-TL , 
WATERVLIET,  NY  12189-4050,  OF  ANY  ADDRESS  CHANGES. 


